The problem of limited water supply in the Vhembe District (Limpopo Province, South Africa) is exacerbated by a preponderance of dissolved salts, which cause disagreeable taste and odour in the water as reported by the communities using this water for drinking. The water treatment plant that supplies the treated water to the communities in the District sources this raw water from the Nandoni Dam at the Luvuvhu river catchment. There are no scientific studies that have been reported in the literature that focused on determining the levels of water salinity from various water sources in the municipalities of the District. Water samples from various sites across the Nandoni Dam, a primary source of domestic water supply in the region, were collected through each season over a period of twelve months in order to ascertain the concentrations of dissolved salts in the dam. Onsite analyses of the water samples were conducted using the YSI ProDSS multimeter, while the laboratory water analyses were conducted using the spectroquant and atomic absorption spectrometers. Although salinity tests seem to indicate that the water sampled across most of the Nandoni Dam is brackish during all seasons of the year with the highest being 750 mg/L, water samples from the dam mid-outlet and the treatment plant are slightly below the World Health Organization (WHO) brackish water bracket of 500 mg/L with unfavourable taste for drinking. Results from this study indicate that the water sourced from the Nandoni Dam is not suitable for human consumption and therefore requires integrated water resource management, as well as robust and cost-effective water desalination treatment.
Introduction
The quality of available water resources in rural settlements in most provinces of South Africa is poor [1, 2] . For example, water supplied by a local water treatment plant to about fifty-five villages in the Thulamela Local Municipality of the Vhembe District Municipality, Limpopo Province is reported to be salty although there is no scientific information provided [3] . Fouche et al. have reportedly demonstrated that the phosphates, nitrates and ammonium levels in Nandoni Dam are not suitable for fisheries [4] . For some years, the residents of this municipality have been complaining about the quality of the water, which they use for irrigation and domestic purposes. Besides the poor water quality, the salts found in the water accumulate in the distribution network resulting in blockages of the Although the residents could not determine the extent of the salinity of the water, it is thought to be brackish water since the salty taste of the water was to some extent tolerable. The water salinity is the amount of the dissolved salts in the body of water. These dissolved salts include sodium chloride, magnesium sulphates, potassium nitrates, and sodium bicarbonate. Brackish water by definition has a salty, disagreeable taste and a higher salinity when compared with fresh water, but not as saline as sea water [5] . Brackish water refers to water with salinity of 500-17,000 mg/L [6] . To put this technical definition into perspective, seawater and salt lakes have a salt concentration of about 30,000-40,000 mg/L.
Brackish water is mostly found in estuarine areas where seawater mixes with freshwater [7] . Other than estuaries, the elevated groundwater salinity can be observed in the regions where groundwater is in contact with evaporates formations, or mixed with high mineralized and deeper aquifers [8, 9] . The discharges from industrial effluents containing dissolved salts, leachates of saline soils and the runoff of salt deposits such as halite or gypsum that is present in the sedimentary rocks also increase the amounts of total dissolved salts and thus lead to the formation of brackish water [10] [11] [12] . However, the primary contributing source of brackish surface water (e.g., brackish dam water) is the mixing of the saline water from the open wells and the fresh water as well as the flow from the saline aquifer sourced from pumping wells to the surface water [13] . These mentioned sources are the main practices in Vhembe district and they are therefore the main likely sources of saline water in Nandoni Dam.
The salinity in the water affects the quality of water that is used for drinking, irrigation, and industrial applications. It also impacts on various social, economic and environmental related uses by both rural and urban communities [14] [15] [16] [17] [18] . The high levels of salt deposits cause an unfavourable hydrological environment in water that restricts its domestic use such as for drinking and normal production of crops [16, 19] . Scale build-up due to water salinity also necessitates increased frequency and cost of repair and maintenance of the public infrastructure [20] . In addition, the salt deposits corrode bricks, pavements, concrete and destroy the bitumen properties thus leading to erosion of roads [21, 22] .
Although the brackish water is an unfavourable resource, it still provides a secondary or alternative source of water that is less costly for purification compared to seawater [23] . However, good estimates of the salinity of the water to be purified should be established in order to define the Although the residents could not determine the extent of the salinity of the water, it is thought to be brackish water since the salty taste of the water was to some extent tolerable. The water salinity is the amount of the dissolved salts in the body of water. These dissolved salts include sodium chloride, magnesium sulphates, potassium nitrates, and sodium bicarbonate. Brackish water by definition has a salty, disagreeable taste and a higher salinity when compared with fresh water, but not as saline as sea water [6] . Brackish water refers to water with salinity of 500-17,000 mg/L [7] . To put this technical definition into perspective, seawater and salt lakes have a salt concentration of about 30,000-40,000 mg/L.
Brackish water is mostly found in estuarine areas where seawater mixes with freshwater [8] . Other than estuaries, the elevated groundwater salinity can be observed in the regions where groundwater is in contact with evaporates formations, or mixed with high mineralized and deeper aquifers [9, 10] . The discharges from industrial effluents containing dissolved salts, leachates of saline soils and the runoff of salt deposits such as halite or gypsum that is present in the sedimentary rocks also increase the amounts of total dissolved salts and thus lead to the formation of brackish water [11] [12] [13] . However, the primary contributing source of brackish surface water (e.g., brackish dam water) is the mixing of the saline water from the open wells and the fresh water as well as the flow from the saline aquifer sourced from pumping wells to the surface water [14] . These mentioned sources are the main practices in Vhembe district and they are therefore the main likely sources of saline water in Nandoni Dam.
The salinity in the water affects the quality of water that is used for drinking, irrigation, and industrial applications. It also impacts on various social, economic and environmental related uses by both rural and urban communities [15] [16] [17] [18] [19] . The high levels of salt deposits cause an unfavourable hydrological environment in water that restricts its domestic use such as for drinking and normal production of crops [17, 20] . Scale build-up due to water salinity also necessitates increased frequency and cost of repair and maintenance of the public infrastructure [21] . In addition, the salt deposits corrode bricks, pavements, concrete and destroy the bitumen properties thus leading to erosion of roads [22, 23] .
Although the brackish water is an unfavourable resource, it still provides a secondary or alternative source of water that is less costly for purification compared to seawater [24] . However, good estimates of the salinity of the water to be purified should be established in order to define the possibility of assigning that particular water resource as a potential and alternative water resource [25] . It should however also be borne in mind that certain ions such as fluorides and nitrates would also require specialized treatment [25] . Therefore, this study seeks to determine levels of water salinity as well as ions that contribute to water salinity in the Nandoni Dam. The water salinity was monitored for a period of twelve months to ascertain the variability induced by different factors such as rainfalls between the four seasons of the year (spring, summer, autumn and winter). This dam is a source of water that is treated by the municipal treatment plant which is then distributed to Thulamela Local Municipality and other nearby municipalities in Vhembe District for domestic purposes. water was prepared from our lab using Direct-Q® (Millipore) system supplied by Merck Millipore (South Africa). All reagents were used as received.
Experimental Design

Sampling Location
The study area was water bodies in and around Nandoni Dam, at Vhembe District, Limpopo Province, South Africa. The geographic coordinates of the sampling points were identified using civilian global positioning system (GPS) with a 5 m horizontal accuracy. The coordinates for each sampling point are summarized in Table 1 . The geographical view of the sampling points is shown in Figure 2 . 
On-Site Analysis
The physical-chemical parameters of water, including conductivity, total dissolved solids (TDS), salinity, temperature and pH of the collected water samples were measured in situ using a YSI ProDSS Multi-Parameter Water Quality Meter (YSI Incorporated, Yellow Springs, OH, USA) with the sampling probe installed to the dam. The water samples collected for laboratory analysis were taken at 1-m depth from the surface of the water and kept in the cooler box during transportation to the laboratories.
Preparation of Standard Aqueous Solutions
The 50 mg/L stock solutions of CaCl and MgCl were prepared by separately dissolving each of CaCO3 and Mg in 0.1 M HCl. The 50 mg/L NaCl stock solution was on the other hand prepared by dissolving NaCl in de-ionized water. The working standards were prepared by the serial volume/volume dilutions of the stock solutions. Seven working standards 32 mg/L for all metal ions) were used to prepare calibration graphs. The stock solution of LaCl3-HCl that was used to mask the AAS interferences was prepared by dissolving 58 g of lanthanum oxide (La2O3) in 250 mL of 12 M HCl and diluted to a total volume of 500 mL using de-ionized water.
Atomic Absorption Spectroscopy (AAS) Analysis of Metal Ions
The analysis of metal ions was performed using the atomic absorption spectrometer under the following conditions: gratings-visible for calcium and sodium, and ultraviolet for magnesium; wavelength counters-211.4 (4227 A), 285.2 (2852 A) and 294.4 (5888 A); sources-calcium hollow cathode lamp, magnesium hollow cathode lamp and sodium vapour discharge lamp; lamp current-10 mA, 20 mA and 900 mA were used for calcium, sodium and magnesium, respectively. The analysis was undertaken under an air pressure of 28 psi, the fuel (acetylene) pressure of 8 psi and the sample 
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Preparation of Standard Aqueous Solutions
The 50 mg/L stock solutions of CaCl and MgCl were prepared by separately dissolving each of CaCO 3 and Mg in 0.1 M HCl. The 50 mg/L NaCl stock solution was on the other hand prepared by dissolving NaCl in de-ionized water. The working standards were prepared by the serial volume/volume dilutions of the stock solutions. Seven working standards (0.5 mg/L, 1 mg/L, 2 mg/L, 4 mg/L, 8 mg/L, 16 mg/L, 32 mg/L for all metal ions) were used to prepare calibration graphs. The stock solution of LaCl 3 -HCl that was used to mask the AAS interferences was prepared by dissolving 58 g of lanthanum oxide (La 2 O 3 ) in 250 mL of 12 M HCl and diluted to a total volume of 500 mL using de-ionized water.
Atomic Absorption Spectroscopy (AAS) Analysis of Metal Ions
The analysis of metal ions was performed using the atomic absorption spectrometer under the following conditions: gratings-visible for calcium and sodium, and ultraviolet for magnesium; wavelength counters-211.4 (4227 A), 285.2 (2852 A) and 294.4 (5888 A); sources-calcium hollow cathode lamp, magnesium hollow cathode lamp and sodium vapour discharge lamp; lamp current-10 mA, 20 mA and 900 mA were used for calcium, sodium and magnesium, respectively. The analysis was undertaken under an air pressure of 28 psi, the fuel (acetylene) pressure of 8 psi and the sample uptake of 4 mL. The samples were filtered using 0.45 µm filters and 0.4 mL of LaCl-HCl was added to each sample prior to analysis. The percentage absorption was recorded for each atomized sample. The percentage absorption was converted to absorbance, which was subsequently used to calculate the concentration of each analyte.
The Spectroquant Analysis of Anions
The concentrations of all anions (Cl − , NO 3 − , SO 4 2− , PO 4 3− , F − , I − ) under investigation as well as NH 4 + were determined using spectroquant photometry which is USEPA approved. The advantages of the technique lie in its simplicity to operate, cost-effectiveness and the ability to analyze a variety of analytes. Spectroquant is a pre-programmed method that is inclusive of the latest micro-process technology with high quality optical and electronic components. The reagents that are specific to individual analytes are provided as both liquids and powders and possess buffering capacity to prevent the pH variations. The spectrometer was optimized to correlate the absorbance of the analyte of interest using the barcode of the test cell of each analyte. To determine the concentration of each analyte, the provided kit reagents were added into the sample of the analyte to produce the characteristic colour that will absorb the UV-Vis light, hence measuring the concentrations of each anion [26, 27] . During the analyte measurements, the spectroquant photometer indicated if the limit of detection and quantification had been exceeded. The analyte with the concentration that falls within the measuring range was detected. Therefore, the analytes with concentrations higher than the detectable limits were diluted and the dilution factors were used to calculate the concentration of such analyte in the water collected from Nandoni Dam. The calibration graphs were prepared using different concentration ranges of different analytes. For instance, the calibration graph for chlorides analysis, was prepared from a total of seven working standards (0.25 mg/L, 5 mg/L, 25 mg/L, 50 mg/L, 100 mg/L, 200 mg/L, 250 mg/L). The instrument was switched to the absorbance mode where the absorbance of the deionized water and the chlorides at these concentrations were measured. The coefficients of determination which were greater than 0.99 were observed for all analytes. The limit of the detection, and the limit of quantification were calculated and were found to correspond to the ones provided in the test kits.
Statistical Analysis
Two statistical analyses were used to determine the variance of the water salinity. One-way analysis of variance (ANOVA) was carried out to evaluate the variation of water quality parameters. The physicochemical variables in this analysis are: electrical conductivity (EC), total dissolved solids (TDS), salinity, chlorides (Cl − Student's t-test was used to determine whether water quality parameters of the particular site demonstrated that the water was brackish or not. The null hypothesis was that the water in Nandoni Dam was brackish. The statistical test for student's (t) is given by the Equation (1) to compare each parameter of a particular site with a defined standard:
where x is the mean value of the examined parameter, s is the standard deviation and n is the sample size.
Results and Discussion
Physico-Chemical Analysis
The physicochemical properties of the water samples such as conductivity, total dissolved solids (TDS), salinity, temperature, and pH were measured at the field where the samples were collected. The water samples were collected between the period of twelve months and the results of the physicochemical parameters that were measured are presented in Table 2 . Three representative samples per sampling were collected in each identified sampling point within the dam and municipal treatment plant that sourced the water from the dam for purification. The water samples in the Nandoni Dam were found to be slightly alkaline with a pH ranging from 7.19 to 8.23 (Table 2 ). This was expected since the water passes through various limestone rocks prior to collection into the Nandoni Dam. This meant the water contains the carbonates at concentrations that have neutralization effect to result in the formation of slightly alkaline pH. The Nandoni Dam is also surrounded by activities that involve discharges from a sewer network, irrigation canals, drainage network and pumped groundwater which find their way to the lake via several tributaries. These activities result to the pH fluctuations depending on their hydronium and hydroxide ion dissociation potentials in water [28, 29] .
The temperature of the water samples was found to significantly vary with seasonal changes. In this regard, lower temperatures (291 K) were recorded during winter and the highest temperature (298 K) was recorded during summer. A significant variation in the seasonal water temperature (spring 292 K; summer 298 K in 2016; autumn 295 K; and winter 291 K in 2017) was caused by an increased cooling rate of the water bodies due to the exposure of the dam to the wind. Large open water bodies have a fast cooling rate with respect to wind direction and this results in colder water during winter and spring, and warmer water during summer and autumn [30] .
The conductivity of the water is a measure of the concentration of ions that are capable of carrying electrical current [7] . Water conductivity is used to estimate the TDS and salinity of the water. The conductivity, TDS and salinity classification of fresh, brackish and sea water is presented in Table 3 [6, 31] . The conductivity of the water sampled from the dam was found to be higher at the middle inlet and outlet of the dam. Apart from the Luvuvhu River, the Nandoni Dam has other small streams that enter the dam. These streams are most likely to deposit high amounts of total dissolved solids, which lead to an increase in the water conductivity. By all accounts, the conductivity values obtained for the water samples of the Nandoni Dam and the municipality treatment plant indicate brackish water. Table 3 . The conductivity, TDS, and salinity of fresh, brackish and seawater [6, [31] [32] [33] .
Water Salinity
Physico-Chemical Properties
Conductivity (µS/cm) TDS (mg/L) Salinity (mg/L)
Fresh water 150-500 <1000 <500 Brackish water 1000-80,000 1000-5000 500-17,000 Sea water 55,000 30,000-40,000 35,000-40,000 Brine ≥55,000 ≥100,000 ≥50,000
The total dissolved solids (TDS) are comprised of inorganic matter such as mineral, salts, metals as well as dissolved organic compounds present in the water [34] . In general, the high concentrations of TDS (1194 and 1154 mg/L) were observed during the rainy seasons (i.e., summer and autumn respectively). Such levels are associated with the run-off that carries high deposits of the dissolved compounds into the Nandoni Dam. The total dissolved solids were concentrated at the dam outlet with the highest concentration of 1245 mg/L being recorded in winter.
Salinity is a measure of the total concentration of all dissolved salts in water [35] . The salinity of the water in the Nandoni Dam was found to be higher during the dry seasons (i.e., winter and spring) with the highest amount (750 mg/L) being recorded for the water sampled at the middle of the dam near inlet. This is attributable to the low dilution effect of the total dissolved salts, which are presently deposited into the dam during the dry seasons. The salinity values seem to suggest that the water in the bulk of the Nandoni Dam was brackish [32, 33] . A few exceptions were however noted; the water at the dam outlet and the treatment plant (the plant that sources the water from Nandoni Dam for treatment prior to distribution) indicate that this water falls within the freshwater category (i.e., salinity < 500 mg/L), although the water taste is unsatisfactory when drinking.
Fresh, brackish and seawater possess viable minerals that differ in availability and concentration. The concentrations of the common ions present in fresh, brackish and sea water are shown in Table 4 . The concentration ranges of these ions serve as a guide to water management authorities for monitoring of the presence of dissolved salts in surface water. In the Vhembe District, communities rely on both ground and dam waters for domestic use. However, the presence of the dissolved salts from the water sourced from Nandoni Dam may pose a health danger to the people using this water for drinking, as there are no physical indicators on the quality of water being consumed.
The concentrations of all mineral ions that constitute water salinity were determined and the results are presented in Table 5 . The amounts of all ions studied were found to be significantly different throughout the seasons, with higher concentrations being observed during dry seasons (i.e., winter and spring). However, the detection of individual ions such as chloride and sodium ions demonstrated that the water in the Nandoni Dam was moderately saline, with chloride and sodium ion concentrations being below those of brackish water.
Although the ion concentrations of the Nandoni Dam are lower than those of brackish water, their total chemical interactions may lead to compromised water quality with unfavourable taste (too salty for drinking) and odour. For instance, sodium is available in water bodies in several chemical compositions that include sodium chloride, sodium carbonate, sodium sulphate, sodium phosphate, sodium bicarbonate and others. Table 5 . The concentration of the mineral ions that contribute towards water salinity in the Nandoni Dam for the water samples collected in spring and summer 2016, and autumn and winter 2017. 
Statistical Analysis
The single variance ANOVA test was used to determine the significant difference in water pollution by different ions that contribute to water salinity in Nandoni Dam at all seasons of the year. The Null hypothesis was that, there was no statistical significant difference in the concentrations of ions that affected the water salinity at different seasons of the year. That is expressed as µ 1 = µ 2 = µ 3 = µ 4 where µ 1 , µ 2 , µ 3 and µ 4 are the mean values of each parameter in spring, summer, autumn and winter respectively. F-values above 0.05 (presented in Table 6 ) indicated that there is a significant difference in concentrations of ions contributing to water salinity at all seasons of the year except chloride, nitrate and sodium ions.
The student t-test was further applied to determine if the water salinity falls within the brackish water brackets. The null hypothesis of a one-tailed test with the α = 0.05 was defined that the water in Nandoni Dam was brackish and the alternative hypothesis was that the water was fresh. The results were derived from the standard figures of fresh and brackish water presented in Tables 3 and 4 . For example, the null hypothesis was defined that the concentration of chlorides ions (that is the concentration in the range of 500-5000 mg/L) was in the category of brackish water. The p-values of the salinity and magnesium concentrations showed that the water in Nandoni Dam was brackish except the rest of the other parameters that determine if the water is brackish of not. The most likely causes of salinity in the Nandoni Dam are presented in Figure 3 . Such causes include the erosion of salt-bearing rocks, infiltration of the saline water from aquifers by natural and anthropogenic activities, sewage discharge and the landfill leachates that contain dissolved salts [40] [41] [42] [43] . The contribution of the sewage discharge to the surface water salinity is less significant compared to other sources. However, it affects the quality of the water by introducing high levels of pathogens and other contaminants, thus making the water sources unfit for domestic use [44] [45] [46] . The erosion of the salt-bearing rocks are common in the Luvuvhu River and its tributaries, which are the main source of water supply for the Nandoni Dam. Source waters in the Vhembe District such as underground water and open wells are characterized by high levels of dissolved salts, which are assumed to find their way into the Nandoni Dam through small streams and tributaries that flow into the Luvuvhu River. Thus, these factors could contribute to the various levels of water salinity during different seasons of the year. The findings reported from a study conducted in Northern Cape in South Africa indicated the presence of Cl −1 and Na + ions in the river water as well as the alluvial aquifers at the concentrations of 320-14,588 mg/L and 143-4933 mg/L [47] . The main identified possible sources of the high levels of these ions were seawater intrusion, evaporitic salts dissolution, concentrations by evaporation, deep aquifer brines, dissolution of minerals from the aquifer geology as well as salts from anthropogenic activities (i.e., mining). Although this work was focused on determination of the water salinity, it was found that the quality of the water from Nandoni Dam was generally poor. The presence of ammonium in the concentration ranges of 1.32-5.96 mg/L exceeding 1.00 mg/L [48] , which is the permissible WHO limits, demonstrates that the water is not only unfavourable for drinking but also toxic for both aquatic life and human use. While other anions were below the permissible limits of different organizations such as WHO, USEPA, and South African standards (SANS 241) in drinking water, the nitrates were found to be generally higher than the SANS 241 set standards of 6.00 mg/L [49] . 
Conclusions
Salt does not only append the taste of drinking water but also provides health benefits that include healthy digestion and maintenance of the blood pressure. However, high levels of salts in a water cause an unfavourable hydrological environment that restrict its domestic purpose including drinking and use in agriculture. This study sought to classify the water salinity in the Nandoni Dam in the Vhembe District (Limpopo Province, South Africa). The concentrations of the individual ions (anions and cations) that contribute to water salinity were found to be slightly below levels found in brackish water. However, the total concentration of these dissolved ions could potentially give the water an undesirable taste that makes the water too salty for drinking purposes. Our results indicated that the water sampled across most of the Nandoni Dam was brackish during all the seasons of the year. However, some of the sites that were tested (i.e., the water at the dam outlet and the treatment plant) indicate that this water falls within the freshwater category. The concentrations of the dissolved salts in the Nandoni Dam were found to vary with seasonal changes with the highest observed in summer and autumn. Our results, therefore, indicate that the water in the Nandoni Dam is unfit for human consumption and thus needs remedial attention. This involves integrated advanced water treatment systems such as membrane water purification to minimize the impact of this water on agricultural and domestic activities which include drinking, irrigation of vegetation as well as watering of livestock. The water sourced from the Nandoni Dam is currently purified by the use of conventional treatment processes such as flocculation, coagulation, sedimentation and sand filtration. These processes are not suitable for purification of the water concentrated with dissolved salts such as sodium chloride. These ions require membrane water purification systems that produce water with high quality. 
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